The means by which pseudorabies is transmitted to cattle under natural conditions have never been determined. There is no evidence to suggest that the disease in this species is contagious or that ectoparasites play any rble in transmitting the causative virus. In herds in which pseudorabies appears, it is a rule that only a relatively small proportion of the animals are affected; usually the morbidity rate does not exceed 10 per cent. Occasionally, as in the very first outbreak of the disease observed by the writer (1), it may be higher. Since this particular outbreak furnished an ideal field experiment to test the communicability of pseudorabies in cattle it will be described briefly at this time.
In August of 1930 an outbreak of pseudorabies in cattle was observed on a farm in Johnson County, Iowa. On this farm were two groups of cattle; 12 head of milk cows kept in the barn and barnlot and about 25 head of heifers and young steers kept in a nearby pasture. On Aug. 10 symptoms of pseudorabies appeared almost simultaneously in 4 of the milk cows. Two of these died during the night of Aug. 11 and the other 2 were killed when moribund on the 12th. Two new cases appeared among the milk cows on Aug. 12. For some unknown reason, the owner, on Aug. 12, turned all of the remaining milk cows, including 2 showing early symptoms of pseudorabies, into the same pasture with the 25 head of young stock. All animals drank from the same watering trough. The milk cows were returned to the barulot each night while the young stock remained in the pasture. By Aug. 19, 2 more of the milk cows had developed the disease and had either died or been slaughtered when moribund. On Aug. 20 the 9th milk cow showed early symptoms of pseudorabies. It died on Aug. 22. After this no new cases appeared. The 3 remaining mill~ cows had at no time shown symptoms of pseudorabies and 85
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the 25 head of young stock, in spite of rather intimate contact with 5 fatal cases of pseudorabies in the milk cows, failed to acquire the disease. This fortuitous experiment had rather dearly demonstrated that pseudorabies in cattle is not a communicable disease. Nothing definite was learned regarding the mode of infection of the milk cows on this farm. That the animals had been infected while in the barn or barnlot was apparent. No new live stock had been recently purchased or brought to the farm. The entire herd, including the heifers in the pasture, had but recently recovered from a vulvitis. The owner stated that up to a week before the onset of pseudorabies there had been rats about the barnlot and that shortly before the first cases appeared he had removed several drowned rats from the watering trough iu the barnlot. No other rat carcasses had been found and no live rats were seen about the farm while the disease was in progress. As on most middle western farms, there were numerous swine about the barnlot and these mingled intimately with the milk cows. None of the hogs had been observed to be ill, however, and none had died. The cattle, both in the barnlot and pasture, were being badly bitten by blood-sucking flies. The salient difference then between the young stock in which no cases of pseudorabies appeared and the milk cows of which 9 out of 12 succumbed to pseudorabies was that the former were on pasture and had no access to the barnlot in which the latter were kept. The only apparent potential animal sources of infection for the cattle in the barnlot were rats and swine. No rat carcasses were available for examination and the swine were not at the time suspected of playing a r61e in spreading pseudorabies virus to cattle.
Among the earlier workers with the disease, both Schmiedhoffer (2) and H u t y r a (3) h a d suspected t h a t rats played some r61e in the transmission of pseudorabies to cattle. The latter had been able to demonstrate pseudorabies virus in the brains of dead rats found on farms where pseudorabies was appearing in the cattle. More recently, Burggraaf and Lourens (4) have suspected t h a t rats were of epidemiologic importance in an outbreak of pseudorabies observed b y t h e m in Holland.
Pseudorabies in rabbits, guinea pigs, white rats, and mice, like the disease in cattle, is not contagious. The writer has, on numerous occasions, placed normal animals of the above species in the same cage with those infected with pseudorabies and in not a single instance has an exposed animal acquired the infection. This finding is in agreement with the observations of others (5-7).
Experiments with pseudorabies in swine have supplied information suggesting t h a t the disease in this species m a y be of epidemiological importance in the spread of the infection to cattle. I t is the purpose of this p a p e r to give an account of these experiments.
Pseudorabies in Swine
The susceptibility of swine to pseudorabies was not extensively investigated by earlier workers. Schmiedhoffer (2) was unable to infect pigs experimentally. On the other hand, yon R(~tz (8) observed the disease occurring naturally in both wild and domestic swine. In 1922 Marmiger, according to K~ves and Hirt (13) , saw the disease in swine and noted the recovery of an animal that had shown symptoms of central nervous system involvement. Shope (1), using a strain of pseudorabies virus obtained from a cow in Iowa (mad itch), found that this virus administered subcutaneously produced in swine a mild disease in marked contrast to the uniformly fatal form which it produced in other species. In view of Schmiedhoffer's earlier unsuccessful attempts to infect swine experimentally, it was at first thought possible that the Iowa strain virus might differ materially from strains prevalent in Europe with regard to its pathogenicity for swine. Consequently a Hungarian strain of the virus was obtained from the late Professor AIAdar Aujeszky. This Hungarian strain was found also capable of producing a mild non-fatal disease in swine when administered subcutaneously. Furthermore, sera of swine recovered from pseudorabies induced by either the Iowa or Hungarian strains of the virus were found capable of neutralizing both strains, thus demonstrating the immunological identity of the Hungarian and Iowa viruses (9) .
More recently other investigators have noted the susceptibility of swine to experimental infection with pseudorabies virus (4, 10-13) and the disease has been recognized occurring naturally as a herd infection in this species in Holland (4) and Hungary (13) .
Both the experimental and naturally occurring cases have been, in general, mild, and recovery of the infected swine after a transient illness has been the rule. In the outbreak studied by BurggraM and Lourens (4) in Holland between 600 and 700 swine were affected. The illness observed was stated to be very slight and nearly all of the animals recovered after having shown very indistinct and transient symptoms. K6ves and Hirt (13) have recently described swine pseudorabies as a rather common and apparently widespread infection in Hungary and an excellent account of the naturally occurring disease is given in their paper. In the large majority of the outbreaks observed by them the disease was not of a serious aature and the death loss was slight, ranging from 0 to 2 per cent but occasionally reaching as much as 5 per cent. The higher death losses were observed to occur during the winter months in swine that were being fattened.
Of greatest importance to the present investigation was the observation by KSves and Hirt that pseudorabies in swine is a contagious disease. They found that normal swine placed in the same pens with infected swine developed pseudorabies after an incubation period of 5 days or longer. They recorded no experiments to determine the mode of transmission of the virus from sick to normal hogs but suspected that it left the bodies of infected animals in the saliva, bronchial secretions, and urine and entered normal animals either through skin abrasionsor by way of the alimentary canal. Shope (14) in a preliminary publication con-firmed KSves and Hirt's observation that pseudorabies in swine is a communicable disease and cited experiments indicating that the nose served both as the portal of entrance and exit for the virus. These experiments will be outlined in more detail in the present paper.
Routes of Infection and Character of Disease Studied
Pseudorabies virus has been found capable of infecting swine when administered subcutaneously, intramuscularly, intranasally, intracerebrally, or when fed. Fatal infections have been regularly produced in the intracerebrally inoculated swine, death occurring in from 36 to 96 hours. Administration of virus by all other routes has resulted in a more or less mild disease and, among 44 swine infected by ways other than intracerebral, no fatal cases have resulted or no animal, sacrificed before convalescence, has been seriously ill when killed. The salient dinical features of swine pseudorabies induced by subcutaneous inoculation are a 1 to 8 day febrile reaction during which the animals exhibit a transient depression and inappetence; rarely indefinite symptoms of central nervous system involvement were observed. Infection by routes other than subcutaneous results in a similar clinical picture but with minor variations. One out of 2 animals inoculated intranasally developed a pneumonia. Swine can be infected by feeding. A single feeding of virus failed to infect 1 animal, while repeated daily feedings for periods of from 4 to 7 days produced a disease in 3 swine that was identical in all respects with that following subcutaneous infection. Swine to which virus was administered intramuscularly in the ham or deep in the axillary space developed on the 3rd to 5th day following infection a transient or permanent flaccid paralysis of the inoculated leg. Aside from the paralysis, the disease seen in such swine was similar to that exhibited by subcutaneously infected animals.
Pseudorabies is a relatively highly contagious disease in swine, aU things considered. In a series of 14 experiments normal swine were placed in the same isolation pen with pigs experimentally infected either subcutaneously or intramuscularly with pseudorabies virus. In 12 of these experiments the exposed swine developed pseudorabies. In 1 negative experiment it is believed, from what is known now, that the infected pig was removed before it had reached the stage at which the disease was communicable. The 2nd experiment in which an exposed animal failed to develop pseudorabies will be referred to later. Although the Hungarian virus was used in most of these experiments, the Iowa strain (mad itch) was also found capable of transferring from pig to pig by contact.
Pseudorabies in swine infected by pen exposure was similar in all respects to the disease seen in pigs inoculated subcutaneously. None of the experimental animals died and none appeared dangerously ill. The nature of the illness contracted by exposure was proven in every case either by the demonstration of virus during the course of the disease or of specific virus-neutralizing antibodies in the blood serum following recovery. The latent period between the time of first exposure and the onset of symptoms varied from 3 to 11 days, depending upon the stage of the disease in the inoculated animal when the normal animal was placed in the pen.
Mode of Transmission of Pseudorabies in Swine
In studying the mode of transmission of pseudorabies in swine, it was found that hog lice played no rSle; using deloused or louse-free animals virus transferred readily from swine to swine on pen exposure. Neither could virus be demonstrated in the urine, feces, or salivary glands of infected pigs, indicating that the saliva and the excreta were unimportant as regards transmission.
Study of the distribution of the virus in swine killed early in an illness contracted by exposure finally suggested its portal of entrance. In such animals virus could be demonstrated only in the nasal washings. To test the possibility that virus might be spread from pig to pig by way of the nose the experiments recorded in Table I were conducted.
In these experiments the nasal passages of intramuscularly inoculated swine, well as of those being exposed, were washed out daily with sterile physiological salt solution. A soft rubber catheter (size 10--French) was inserted 3 to 5 cm. into the anterior nares, with care not to abrade the mucosa, and approximately 30 cc. of the salt solution was forced into each naris by means of a half ounce irrigating syringe with rubber bulb. The wash fluid flowing from the nares was collected in a sterile wide mouthed bottle held below the animal's nose. From 50 to 75 per cent of the fluid used in the irrigation was recovered in most cases. Care was taken not to force the wash fluid so far into the nose as to permit the animal to swallow it. The washings were thus obtained largely from the anterior portion ~0 EPID~CIOLOG¥ OF PS~.~DORABIES. I of the swine's nasal passages. The wash fluid recovered always contained masses and strands of mucus and sometimes particles of food. The presence or absence of pseudorabies virus in the nasal washings was determined by injecting them in 2 cc. amounts subcutaneously into rabbits. Rabbits receiving washings that contained pseudorabies virus died showing the typical clinical picture of the disease (1) in from 3 to 7 days, depending upon the concentration of the virus contained in the washings.
As can be seen from Table I , virus was present in the nasal passages of the inoculated swine (1469 and 1483) on the 6th and 7th day following infection in the case of one animal, and on the 6th and 8th day in the case of the other. This was just at the end of the period of illness for both animals. Virus was present in the nasalwashings of the swine infected by exposure on the day prior to the elevation of temperature above 40°C.; that is, on the last day of the period of incubation, and thereafter throughout the period of illness. The nasal washings of Swine 1482, under observation for 3 weeks, contained virus on the last day of the incubation period, on aU the 6 days that the animal was ill, and on the first 4 days of convalescence. The blood, brain, spleen, and lung of Swine 1466, killed after its nasal washings had contained virus for 4 consecutive days, were free of virus as tested by subcutaneous inoculation into rabbits. The brain, blood, spleen, urine, and feces of Swine 1465, an exposure-infected swine not included in Table I , were free of pseudorabies virus when the animal was killed on the 3rd day of temperature elevation. Virus was abundantly present in the nasal washings of this animal. Virus was present in the lung and in a mixture of spleen and liver from Swine 1477, however, killed after its nasal washings had contained virus for 6 consecutive days. Urine and feces, blood, brain, and the salivary glands from this animal were free of virus.
In the intramuscularly infected swine the 6 day period elapsing between inoculation and the appearance of virus in the nose is believed to represent the time required for the virus to spread from the site of inoculation to the nasal mucous membranes. Experiments in which the distribution of virus in the bodies of inoculated swine has been studied suggest that its spread from the site of inoculation to the nose takes place largely by way of the peripheral and central nervous system. Hurst's experiments (15) demonstrated that pseudorabies virus behaved like a true neurotrope in laboratory animals in that its spread Table I and just summarized indicate that in pseudorabies in swine the nose serves both as the portal of entrance and as an exit of the virus.
The Transmission of Pseudorabies by Contact from the Nose of Swine to the Abraded Skin of Rabbits
The preceding experiments, dealing with the mode of transmission of pseudorabies from swine to swine as a communicable disease, suggested that this species might serve as an important reservoir for the virus. From such a swine reservoir the virus could conceivably escape at opportune times to cause the sporadic and highly fatal cases of pseudorabies seen in cattle in the swine-raising states of the middle West. A number of known facts concerning the disease make this possibility seem likely. Pseudorabies in swine is highly contagious, it is not fatal for this species among all of its hosts, and it is often of so mild and ill defined a nature that it may escape notice, and, as will be shown later, has done so in this country. The hog can be a potential source of infection for cattle and not be suspected; an almost "silent" host. Furthermore, in sections of this country where pseudorabies in cattle is endemic it is a common practice for the farmer to keep his cattle and swine together in the same enclosures.
In 6 outbreaks of pseudorabies in cattle which were either observed personally or concerning which direct information was available, swine and cattle were confined in the same pens in every instance. In one of these outbreaks pooled blood serum was obtained from swine that had associated with the cattle. It was capable of neutralizing pseudorabies virus, indicating that the hogs furnishing it were convalescent from the disease. No illness had been noted in the swine. It is suggested that the swine infection may have preceded the bovine infection and that the virus spread from the hogs to the cattle. In another outbreak 5 out of 40 head of cattle that were being fed in the barnlot with a large group of swine developed pseudorabies and either died or were sacrificed when moribund. No illness was noted in the swine. A month after the death of the last cow, blood serum was obtained from 6 swine and 6 of the surviving cattle. None of the 6 cattle sera neutralized pseudorabies virus; whereas, 4 out of the 6 swine sera p r o v e d virus-neutralizing. T h e results with the cattle sera indicate the probability t h a t all of the cattle infected with the virus died and t h a t none of the survivors underwent a subclinical and unrecognized infection. T h e y thus support further the view t h a t pseudorabies is not a communicable disease a m o n g cattle. T h e findings with swine sera indicate a fairly high previous pseudorabies infection among the hogs with which the cattle associated. I t is believed t h a t the swine on this farm m a y have been responsible for the disease in the cattle.* Dr. Ortiz Patto of Bello Horizonte, Brazil, in a personal communication, has informed me that in all of the outbreaks of bovine pseudorabies seen by him, the infected cattle had been kept in intimate contact with swine. Burggraaf and Lourens (4) have stated that in an outbreak of pseudorabies in Holland in 1932, in which the disease was recognized as a relatively mild illness in swine, but highly fatal in cattle, the swine became ill before the cattle on all farms. These authors further noted that with the exception of 4 cows on two farms, all cattle which became infected had been housed in the same buildings with sick hogs. Burggraaf and Lourens, however, were unable to demonstrate that pseudorabies either in cattle or in swine was a contagious disease.
To one familiar with the behavior of swine when they are with cattle, it seems likely that a virus present in the nose of a hog, or more especially on the nose, could be transferred to the skin of a cow. Cattle lying about a barnlot in which hogs are also kept come frequently in contact with the pigs' noses. Swine under such conditions can be observed to approach a cow and probe it in the flank or side with.their noses. If the first punch fails to get the cow up, a second and more vigorous probe is given. This process is continued more persistently, and not infrequently, as a last resort, they will bite the cow, often through the areas of skin probed with their noses.
To determine whether pseudorabies virus could transfer from the noses of infected swine to the abraded skin of susceptible animals, experiments were conducted in which, instead of lavaging the hog's nasal passages with saline to obtain virus as had been done in the experiments recorded in Table I , their noses were merely rubbed against the freshly abraded abdominal skin of rabbits. The bellies of rabbits to be used in such experiments were shaven a day early to insure leaving a dry soap-free skin surface. The skin of the rabbits was scarified by crosshatching with a curved cutting surgical needle deeply enough to cause oozing of * I am indebted to Dr. C. H. Banks of Tipton, Iowa, for calling my attention to these two outbreaks and for obtaining the serum samples studied.
blood-tinged plasma along portions of the scarifications. These freshly scarified areas were then immediately rubbed against the noses of infected swine held by an attendant.
The results of one such experiment in which the disease was passed by exposure serially through 4 swine are recorded in Table II .
The experiment outlined in Table II indicates that pseudorabies virus can pass from the nose of infected swine to the abraded skin of susceptible hosts by direct contact. They further suggest that there is considerable individual variation in the ability of different swine to transfer the infection in this way. For instance, Swine 1495, infected by exposure, transferred virus to rabbits throughout the entire course of its illness. In like manner, Swine 1493, infected with pseudorabies by inoculation, transmitted the disease to rabbits on the 6th and 7th day following infection as might be anticipated from the results obtained with inoculated swine recorded in Table I . However, the remaining 3 swine in the experiment infected rabbits only irregularly and occasionally. There is no reason to doubt the presence of pseudorabies virus in the noses of these animals throughout the course of their disease; it has been so readily and constantly demonstrable in the nasal washings of other similarly infected swine. Their failure to infect on all expected occasions would seem rather to be due either to the absence of pseudorabies virus on the surface of the noses, as contrasted with its presence within the nasal passages, or to the greater resistance of the test rabbits to infection by sacrification than to infection by subcutaneous inoculation with washings. That the first possibility may be the correct one is suggested by the experience with Swine 1503. Virus had been demonstrable on the surface of the nose of this particular hog, as shown in Table II , only on the 2nd day of fever. To judge from the results recorded in the table, it had not been present for the next 5 days. However, nasal washings obtained at autopsy at the end of this 5 day period during which the surface of the nose had apparently been free of virus, killed a rabbit typically of pseudorabies when administered subcutaneously. Lavaging the noses of swine recorded in Table II was purposely avoided for fear of defeating the primary purpose of this experiment; that of demonstrating that virus could transfer from the nose of swine to the abraded skin of rabbits. It was conceivable that lavage might wash virus from the nasal passages and deposit it on the surface of the nose. This would have influenced the outcome of the experiment and given a false impression of the readiness with which virus could spread from the nose of swine to the abraded skin of rabbits. There is no apparent way of determining whether the rabbits in Experiment 2 that failed to become infected with pseudorabies, as anticipated from consideration of the experiments in Table I , did so because of the absence of virus on the surface of the infected pig's nose, or because the test for the presence of virus in Experiment 2 was less delicate than that employed in Experiment 1.
The experiments given in Table II , in spite of the gaps in the record of infections produced, are interpreted as indicating that pseudorabies virus can spread from the nose of swine to another host by way of the abraded skin. Furthermore, it is believed that under farmyard conditions, cattle can acquire pseudorabies by such contact with infected hogs.
DISCUSSION
Experiments with pseudorabies in swine have suggested a possible explanation of the means by which the disease is transmitted to cattle under natural conditions. Experimental infection of swine with the virus results in an illness that is both mild and ill defined. Furthermore, porcine pseudorabies, in contrast to pseudorabies in cattle or any of the small laboratory animals, is a highly contagious disease relatively speaking. Evidence that the nose serves both for the entrance and the exit of the virus has been presented. In swine infected by inoculation, virus is not demonstrable in nasal washings until the very end of the disease. In swine infected by exposure to inoculated animals, however, virus may be demonstrable in the nose on the last day of the period of incubation, throughout the period of illness, and for several days after the animal's temperature has returned to normal. Such animals thus are potential sources of infection for a number of days. During the early part of a pseudorabies infection induced by exposure the virus can be shown to be present only in the nose, while later on it may spread to the lung, brain, spinal cord, or spleen.
Out of a group of 14 experiments in which normal swine were exposed to infected animals, the virus transferred to the exposed pigs in all but two instances. In one of these negative experiments it is believed from what is known now that the infected pig was removed from the exposure pen before it had reached a stage at which its disease was communicable. The other negative experiment was of interest because it was the only one in which no virus could be demonstrated in the nasal washings of the infected swine. It is believed that the disease failed to transfer from the sick to the normal animal in this experiment because the virus for some unknown reason did not reach the nose of the infected animal. Experiments in which the noses of infected swine have been rubbed against the scarified skin of rabbits have shown that the virus can transfer from infected swine to a second susceptible host in this manner. It is believed that under farm conditions in which swine are kept in intimate contact with cattle, cattle may be infected in this way. On two farms where cattle had died of pseudorabies the sera of swine with which the cattle had associated have been found to contain pseudorabies virus-neutralizing antibodies. This observation has been interpreted as indicating that these swine had an unrecognized pseudorabies infection and that they may have served as the source from which virus causing the fatal bovine infections was acquired.
SDM3tl" ARY Pseudorabies is a very fatal but non-contagious disease in cattle and the common laboratory animals. It is a relatively mild yet highly contagious disease in swine. It has been shown that in swine the nose serves both for the entrance and the exit of the virus. Furthermore, it has been observed that fatal pseudorabies infections in rabbits call be induced merely by bringing their abraded skin into contact with the noses of infected swine. The blood sera of swine on two farms where pseudorabies had occurred among the cattle were found to be capable of neutralizing pseudorabies virus. It is believed that in these instances the swine had a mild and unrecognized pseudorabies infection and transmitted their disease to the cattle with which they were associated, by transfer of the virus on their noses to the abraded skin of the cattle.
